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•H^'7 THE PENTAVALEMOE OP BISMUTH. 

Introduction. 

There Is mioh dlsagreoaent as to tlie conditions neces- 
sary for the formation of the compounds of "blsmutli In trtilch It 
has a valence of five. In fact there Is no compound of pen- 
tavalent "bismuth -whose existence Is not questioned In the 
literature. But tew attengpts have "been made to prepare the penr- 
tahalldes of bismuth. Bismuth falls, In the arrangement of the 
elements according to the natural system, In group five "which 
contains phosphorus, arsenic and antimony. These elements all 
form well defined compounds In vhlcH they show a valence of five. 
The following are some of the types followed :- 

P 0l6, Hg P O4 , H P O3, K4 Pg 0^, Pg Sg and Pg Og. 

The pentoxlde Is the hest defined oxide of phosphorus. 
But antimony trl oxide is much better defined than the pentoxlde. 
In the series the pentoxldes show more pronounced acidic pro- 
perties than the trloxldes. The acidic properties decrease with 
the Increase of the atomic weight. If the compounds In which 
these elements show the valence of three are considered It will 
he noted that bismuth naturally follows antimony as the most 
positive element In the series phosphorus, arsenic, antimony, bis- 
muth. Phosphorus forms the well defined phosphlne which shows 
definite basic properties. Arsenic and antimony form compounds 
of this type. Stl blAe Is poorly defined and shows no basic 
properties. Bismuth does not fcpm a compound with hydrogen, 
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Phosphorus tpiohlorlde and arsenlo trichloride vhen treated with 
water give respectively phosphorus acid and arsenlous acid. An- 
timony trichloride gives Sh 01 with alcohol only while bismuth 
trichloride reacts with water to form the well defined compound 
Bi 01. Bismuth might fotrm compounds of the types Bl 015^ 
Big O5, H Bl O3 and H4 Big O7. 

The following work has "been undertaken with the oh^ject 
of determining ?fhat compounds of pentavalent "bismuth if any, ex- 
ist and under what conditions they exist. 

BISMUTH PENTOXIDT] AND ITS DTIHIVATIVl^S. 

In 1818 Brandos and Buohholz (Sohweigger's Jr. fur Ohem. 
toid Phys. 22-27) prepared an oxide of bismuth containing more 
oxygen than the trioxide. Since that time many chemists have 
tried to prepare hlsmuth pei^oxlde, hismuthia acid and potassium 
blsrauthate. Some investigators have described the preparation 
of these compounds without difficulty while others who have re- 
peated the experiments have not been able to obtain the compounds, 
Arppe (Pogg. Ann. 64r-37) describes both blsmutMc oxide and 
blsmuthlc acid. He states that he prepared these compounds by 
passing chlorine gas into a concentrated solution of potassium 
hydrate in which bismuth trioxide was suspended. The method of 
preparation of H Bl O3 differed from that of Big O5 only in the 
ratio, between the amounts of alkali and trioxide used. In the 
case of H 31 O3 a larger excess of the alkali was used. The 
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iap€>duots were washed witli dilute nltrlo acid. The other details 
of the experiments are not given. It Is protal^le that his 
products were mixtures of H Bl 03 , K Bi C3 and the lower oxides 
of hlsmuth. 

Schrader (Llehlg's Annalen 121-204) made several attempts 
to prepare blsmuthlc oxide tjy the method used by Arppe. He 
worked with "both dilute and concentrated solutions of potassium 
hydrate. He did not ohtaln H Bl O3 or Big O5 In any of his ex- 
periments. When he washed his reaction pro<Miots with concentrat- 
ed nitric acid he obtained the very difficulty soluble Big 04* 2 
H2O. If He used dilute nitric aold tie always found potasslian 
In the final product. Mulr. (Jr. Otiem. Soo. 39-22) descplte^ 
tlsimithlc aold and blsimitli pent oxide. He states that these com- 
pounds can he prepared without difficulty by passing chlorine 
into a hot concentrated solution of potassium hydrate containing 
hismuth trloxide until a homogeneous heavy chocolate-red powder 
is fanned. In view of experiments described later as performed 
in this laboratory it is doubtful if these results can be readily 
obtained. Iftiir found a solution of potassium hydrate with a 
sp. gr. of 1.37 to give good results. He washed the dark red 
brown powder tbtained in the above manner with hot water. It was 
then boiled for a short time with concentrated nitric acid when 
it changed to a scarlet red powder. It was theh dried over 
sulphuric acid for several days. He states that this product 
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was Big 06 HgO. wien heated to 120° for three hours It con- 
tained 83.87^ of hlsTiiuth. (Big Og requires 84jg. ) After the 
reaction produots had been washed until they had no effect upon 
litmus paper theij contained potassium In varying proportions. 
If the product Is washed too long with concentrated nitric acid 

Big O4 2 Hg Is formed. Muir states that If Big O5 is heated 

o 

to 226 it hreaJcs down to Big O4 and oxygen. If the tempera- 

. o 

ture io raised to 306 Big O3 is formed. Miilr states that 

Big O5 Hg Is not an acid as It does not form any salt. How- 
ever, he has assigned a structural formula to Big Oe • Hg 0. 
He states that It may have a very weaX acid reaction In the pre- 
sence of a large axoess of concentrated potassium hydpate. 

Helntx (Pogg. Ann. 88-669) obtained red produots by 
passing chlorine gas through a aolutlon of potassium hydrate 
containing bismuth trioxlde. He analyzed the products and found 
that they contained Big O5 besides water and potassium. 

Hoffman (Lieblg'a annalen 223-110) passed chlorine in- 
to a cold solution of potassium hydrate (sp.gr. 1.64) containing 
suspended bismuth trioxlde. He then added more of the aUcaline 
solution and boiled. The product obtained was again suspended 
in potassium hydrate and the operation repeated. The products 
were red-brown to dark violet in color. They were of the type 
X Big O5 «Y K Bi O3 . A large number of formulas are given as 
representing the various products of his experiments. Hoffman 
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found tliat water containing: carbon dioxide would remove near- 
ly all of tne potassium from his products. The final product 
oiDtained "by boiling with concentrated nitric acid was Big 04-2 

H2 0. 

Andre (C.R. 114-869) states that K Bi O3 cannot he 
obtained hut that the acid salts 4 K Bl 03-3 H Bi O3 and K Bl 
03;^ exist. 

Deiohlecr (Zeit. fur onorg. Chem. gO-80) made a large 
nimber of experiments in which he passed chlorine gas into po- 
tassium hydrate containing Big 03. He varied the contration, 
the temperature and the amount of excess of the alkali. He 
made complete analyses of his products and gives full data for 
all of his experiments. In no case did he obtain a homogen- 
eous reaction product by this method. In all cases where he 
used a large excess of hot concentrated potassium r hydrate so- 
lution he obtained mixtures of K Bi O3, H Bl O3 and the lower 
oxides of bismuth. He obtained H Bi O3 about 98^ pure as a fi- 
nal product by using potassium hydrate witto a sp.gr. of 1.39 to 
1.6 and washing the reaction product for a short time v^ith con- 
centrated nitric acid. U^on washing the product for a longer 

time he obtained Big O4 2 Kg 0. By washing the reaction pro- 

o 
duct with water at and drying over sulphuric acid he obtained 

a product containing 13.9^ potassium oxide; K Bi O3 requires 

16.9^. 
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The experiments of Miilr and DecTiler have "been repeat- 
ed. In each case a very large excess of potassium hydrate iras 
used. The products obtained varied in color from yellow to 
dark-choaolate. In most cases the product was a mixture of 
brown and red particles. In no case was it poHsible to ohtaln 
a homogeneous product. m one experiment ten grams of Bl 01 
was introduced into 426 0.0. of potassium hydrate (sp. gr. 1.43). 
chlorine was passed through the hot solution for three hoxirs. 
The product obtained was washed with water at 0° and dried over 
sulphuric acid. Vhen dry the powder was dark red but it oonr- 
talned some particles of a bright red color. It contained much 
potassium. This powder was washed quickly with concentrated 
nitric acid and dried over sulphuric acid. It was then a bright 
red powder whicli appeared homogeneous. When exposed to the 
heat of the steam batH for a few hours it gradually asmuned 
a chocolate color. All of the products prepared agreed in ap- 
pearance with those described by Deichlecr. 

In ordecT to ascertain if a barium blsrauthate can ex- 
ist or if barium hydrate will retain any blsmuthlo acid chemi- 
cally combined a series of experiments was conducted replacing 
the potassium hydrate in the previous work by barium hydrate. 
Chlorine was passed for sevwal hours through a hot concentrated 
solution of barium hydrate containing solid Big O3. The bismuth 
was not oxidized to any appreciable extent. 
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Slnoe caesium liydrate is the strongest base known it 
was tliought that hisinuth trioxide might be readily oxidized by 
chlorine in a hot concentrated solution of this base and per- 
haps a caesium bismuthate be formed. Two experiments were made 
to test^view. 20 grams of caesium hydrate was dissolved in a 
small amount of water. .6 grams of bismuth trioxide was intro- 
duced into the solution which was then heated. Chlorine was 
passed into the solution until it was saturated. Th«. solution 
was acid at the close of the experiment. At no time during the 
experiment was any chaiTge evident. In the other experiment 4 
grams of caesium hydrate and .3 grams of bismuth trioxide was 
used. In neither case was there any caesium in the yellow pow- 
der which remained after washing the product with hot water. 

Bismuth trioxide can be oxidized to bismuth pentoxide 
by chlorine in a concentrated potassium hydrate solution. Bis- 
muthic acid can be obtained in impure condition by washing the 
reaction product quickly in concentrated nitric acid. But the 
pure product has not been prepared in this manner. The react- 
ion products are not homogeneous but may contain nes.rly as much 
potassium as is required by potassium bismuthate. The potass- 
iuq||| can all he washed out with hot concentrated nitric acid. 
If the washing is continued for more than a few minutes the 

product is reduced to Big O4 2 HgO. 

Chlorine does not oxidize bismuth trioxide in a con- 
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oentrated solution of barium hydrate. 

Hastroelc (3er. 20-213) states that he prepared his- 
muth pentoxide by the action of hydrogen peroxide on an acid 
solution of a hlsTnuth salt. The acid vas neutralized t>y the 
addition of aianonia. Loroh repeated this experinent obtaining 
a product similar in appearance to Hosebroek's bismuth pentoxide. 
His analysis showed it to consist almost urtiolly of Big O3. 

In order to test the action of hydrogen peroxide upon 
bismuth salts a series of experiments iras performed. A solution 
of bismuth chloride in hydrochloric acid was treated with a 
large excess of HgOg. This mixture was then poured into a hot 
concentrated solution of potassium hydrate. A brown precipi- 
tate was formed immediately. This was washed with hot watoe. 
It was then found to dissolve readily in dilute nitric acid. 
Consequently was not bismath pentoxide. In other experiments 
ammonia was substituted for potassium hydrate. But the pre- 
cipitate formed was light yellow in color. 

BISl^fUTHIO AOID BY ELECTROLYSIS. 

In order to secure better conditions than can be ob- 
tained by passing chlorine into an aUcallne solution Deichler 
(Zeit. t\Xr dunopg. Ohem. 20-103) eleotrolyzed a concentrated 
solution of potassium hydrate containing a little potassium 
chloride and solid bismuth trioxide. The bismuth trioxide was 
gradually converted into a heavy dark red powder. This product 
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fas washed vltn water at ordinary temperatures. It was foimd 
that the amount of potassium in the product diminished slowly 
as the washing was continued* In order to obviate the decom- 
position of the potassium hismuthate Deichler washed some of 
the reaction product with alcohol and other portions with water 
at 0^- The material was dried over phosphorus pentoxide and 
sulphuric acid for eight sayd^ when Deiehler found it to he 
potassium hismuthate containing nearly three per cent, of water. 
A portion of this potassium hismuthate was heated with water 
for eight days and dried as before. It still contained 2.8^ 
potassium oxide. In this treatment it lost 1^ of its weight in 
oxygen. Deichler obtained bismuthic acid about 9B^ pure by 
washing potassium hismuthate quickly with hot concentrated nitric 
acid. Vihen heated to 120* the potassium hismuthate gradually 
assumed a black color. At SOO^it lost two atoms of oxygen. 

THE ACTION OP OHLORIHE UPON BISMUTH TRICHLORIHE. 

Since phosphorus, arsenic and antimony form well defined 
pentachlorides it was thought best to make some experiments to 
ret ermine whether or not bismuth forms a pentachloride. The 
simplest way to prepare such a compound would be to treat the 
trichloride with chlorine. 

Muir (Jr. Ohem. Soc. 1877-1-144) attempted to prepare 
bismuth pentachloride. He passed chlorine gas over fused bis- 
muth trichloride. The crystals obtained in this manner melted 
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at 227 , the melting point of the tricliloride. The product 
was therefoire hisimith trichloride. Muip also heated to redness 
a mixture of hisrauth oxyohloride and powdered charcoal* After 
displacing the air hy carbon dioxide he passed chlorine over the 
misture. The sublimate consisted of white crystals containing 
33.6^ Chlorine. The product v/as blsmith trichloride. Muir 
fused together sulphur and bismuth trichloride. He obtained Bi 
S 01 and not Bi S OI3. He also treated Big O3 with chlorine with 
a view of obtaining Bi OI3 analogous to P 01s but the pro- 
duct was bismuth trichloride. 

Ranter (Leibig's 270-251) states that he treated 
bismuth pentoxide with silicon telrachloride and obtained bis- 
muth trichloride as a product. 

To test the action of chlorine on bismuth trichloride 
at very low temperature the following experiment was performed. 
Some dry powdered bisnuth trichloride and some of the clear 
arystals were placed in a tube. The tube was placed in a De- 
war bulb containing liquid air* Chlorine^ gas passed into the tube 
and at once assumed the solid state. When the tube was about 
one-half full of the solid chlorine it was withdrawn from the 
bulb and the chlorine melted. The trichloride of bismuth was 
then v-'eli shaken up with the liquid chlorine. The tube was re- 
turned to the liquid air where it was kept for an hour or more. 
The trichloride remained unclianged In appearance during the whole 
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course of tne expearinent . After the chlorine had evaporated 
analysis of the powdered mateorlal showed It to contain 33.3^ of 
chlorine. Prom this experiment It Is evident that hlsnmth 
pentachlorlde Is not forned by the action of solid or liquid 
chlorine upon "blsrauth trichloride. Other similar experiments 
were made in which the hlsraath trichloride was kept In contact 
with chlorine at — 16 for several hours. In no case was the 
trichloride chenged In appearance hy the action of the chlorine 
upon It. 

In order to determine whether or not bismuth pen- 
toxlde Is attacked by hydrochloric acid at low temperature the 

following experlnent was made. A small quantity of Impure bls- 

o 
muth pentoxlde was kept at a temperature below — 10 while di- 
lute hydrochloric acid was added to It. The pentoxlde dis- 
solved at that ten^ierature with the evolution of chlorine gas. 
THE ACTION OP CHLORINE UPON THE DOUBLE HALIDES OP BISMUTH. 
A concentrated solution of blsmath trichloride In 
dilute bydrochlorlo acid was saturated with chlorine at — 10 . 
Solid aranonlura chloride was then added as long as It would dis- 
solve. The solution was evaporated to erystalllzatlon over 
sulphuric acid. The colorless crystals were dCrled between 
filter papers and analyzed. They were found to contain 49.1^ 
blsmutii and 42.7^ chlorine. The compound formed was there- 
fore 2 N H4 01- Bl 0I3 . This compound Is d§8crlbed by Deheraln 
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(Comp. Rend* 54-726). The chlorine was determined as silver 

chloride. The hlsmuth was weighed as hlsmuth sulphide. 

Experiments were made with a view of obtaining a pen- 

tahalide of "bismuth toy the action of a perhallde of caesium upon 

a hallde of tolsmuth. OslClg was prepared as descrltoed toy Wells 

& Penfleld (Am. Jr. So. 43-27). To a hot concentrated solu- 

l 
tion of 1.4 f:rams of this perhallde 1.3 grams of tolsmuth trlchlo- 

ride in dilute hydrochloric ;^ was slowly added while chlorine 
was passed through the solution. At once a yellow crystalline 
precipitate formed. In one experiment the sutostance was des- 
solved in hydrochloric acid and recrystallzed over sulphuric 
acid. Analysis showed it to contain 35.0^ caesium, 37.0^ tols- 
muth and 27.8^ chlorine. The compound was therefore 2 Bl OI3- 
8 Cs CI. The tolsmuth was precipitated from a nitric acid 
solution toy anmonlc\m cartoonate and weighed as tolsmuth trloxide. 
The caesimti 7^as converted to caesium sulphate after the tolsmuth 
had toeen removed from the solution toy hydrogen sulphide. This 
compound is descrltoed toy Brlgham (Am. Ohem. Jr. 14-181). 

To a hot solution of caesitm tritoroinlde a hydrotoro- 
mlc acid solution of tolsmuth trltoronlde and toromine was added. 
At once a finely divided yellow precipitate was. thrown down. 
It was quite insolutole in hydrotoromic acid tout readily solutole 
in hydrochloric and nitric acids. 

Analysis showed this compoimd to toe a new salt cor- 
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responding to tlie formala 2 Bl BTq 3 Os Ep- 

Wt salt vt. ^ found ^ calculated. 

0.1433 Ag BT 0.1580 4e.9-Ag - 46.8 

0.2400 Bl 01 0.0836 27.9-Bl - 27.1 

0.2400 OSgS O4 0.0884 27.0-Cs - 28.1 



SUMMARY. 

BlsTnuth trloxlde can toe oxidized to the pentavalent 
condition W chlorine in a hot concentrated solution of potass- 
ium hydrate. By washing the reaction producii ciuickly with 
concentrated nitric acid iitipure hismuthic acid is obtained. 
It is a very weak acid and is insoluhle. 

potassium hisinuthate is the only salt of hismuthic 
acid which has "been isolated* It can te made hy the electro- 
lysifl of a concentrated solution of potassium hydrate contain- 
ing potassium chloride and hisranth trioxide. It is partially de- 
composed ty washing with warm water yielding bisrauthic acid. 

No pentahalide of bismuth has been described* Bis- 
muth trichloride is uneff ected by solid, liquid and gaseous 
chlorine. 

The perhalides of caesium do not oxidize the triha- 
lides of bismuth to the pentavalent form. They react however, 
giving double salts of the type, 2 Bi OI3 3 Os 01. 
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